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Abstract—Near Field Communication (NFC) standards cover
communications protocols and data exchange formats. They are
based on existing radio-frequency identification (RFID) stan-
dards. In Japan, Felica card is a popular way to identify the
unique ID. Recently, the attendance management system (AMS)
with RFID technology has been developed as a part of Smart
University, which is the educational infrastructure using high
technologies, such as ICT. However, the reader/writer for Felica
is too expensive to build the AMS. NFC technology includes not
only Felica but other type of IC chips. The Android OS 2.3 and
the later can provide access to NFC functionality. Therefore, we
developed AMS for university with NFC on Nexus 7. Because
Nexus 7 is a low cost smart tablet, a teacher can determine to
use familiarly. Especially, this paper describes the method of early
discovery for chronic non-attenders by using the AMS system on
2 or more Nexus 7 which is connected each other via peer-to-peer
communication. The attendance situation collected from different
Nexus 7 is merged into a SQLite file and then, the document is
reported to operate with the trunk system in educational affairs
section.
Index Terms—Early Discovery of Serious Absence, Attendance
Management System, NFC tags, Near Filed Communication
I. INTRODUCTION
Regular attendance is an important factor in school success.
Students who are chronic non-attenders receive fewer hours
of instruction and often leave education early. It has been
suggested that chronic absenteeism is not a cause of academic
failure and departure from formal education, but rather one
of many symptoms of alienation from school[1]. Chronic
absenteeism, truancy and academic failure may be evidence
of a dysfunctional relationship between student and school.
According to the change of social environment such as more
relaxed education policy in Ministry of Education, Culture,
Sports, Science, and Technology, it is required that university
needs to be more student-centered and supportive of students
with different needs.
Recently, the attendance management system (AMS) with
RFID technology has been developed as a part of Smart
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University[8], which develops the educational infrastruc-
ture using high technologies, such as ICT. However, the
reader/writer for Felica is too expensive to build the AMS.
Furthermore, the reader/writer is set at each lecture room and
the teacher cannot witness the student’s authentication of the
ID card, so that, one of friends can answer the roll call for an
absentee.
Near Field Communication (NFC) standards cover commu-
nications protocols and data exchange formats. They are based
on existing radio-frequency identification (RFID) standards. In
Japan, Felica card is a popular way to identify the unique ID.
NFC technology includes not only Felica but other type of IC
chips. The Android OS 2.3 and the later can provide access to
NFC functionality and some applications have been developed
[4]. Therefore, we developed AMS for university with NFC on
Nexus 7 [10], [11], [12], [13], [14]. Because Nexus 7 is a low
cost smart tablet, a teacher can determine to use familiarly.
Any teacher, who calls the roll at the class, can free from
stress before the lecture. Especially, this paper describes the
method of early discovery for chronic non-attenders by using
the AMS system on 2 or more Nexus 7 which is connected
each other via peer-to-peer communication. The attendance
situation collected from different Nexus 7 is merged into a
SQLite file and then, the document is reported to operate with
the trunk system in educational affairs section.
Section II explains the Radio Frequency Identification.
Section III describes NFC specification. In Section IV, the
functions of our developed NFC Attendance Management
System will be described. Some experiments for the discovery
of serious absentees are investigated. In Section V, we give
some discussions to conclude this paper.
II. RADIO FREQUENCY IDENTIFICATION
Radio Frequency IDentification(RFID) is the use of a
wireless no-contact system. The part of radio frequency uses
electromagnetic fields to transfer data from the specified tag.
Some tags require no electric power and are recognized at
short ranges through electromagnetic induction. This section
explains the basis of RFID to be easy to understand NFC (Near
Field Communication) described in Section III.
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Fig. 1. Frequencies of RFID
A. RFID tags
Table I shows the comparison of bar codes and RFID Tags.
The specifications of bar codes are as follows. They require
line of sight to be read. They can only be read individually.
They cannot be read if they become dirty or damaged. They
must be visible to be logged. They can only identify the type
of item and their information cannot be updated. They must
manually tracked for item identification, making human error
an issue. On the contrary, the specifications of RFID tags are
as follows. They can be read or updated without line of sight.
Multiple RFID tags can be read simultaneously. They are able
to cope with harsh and dirty environments. They are very thin
and can be printed on a label, and they can be read even if
concealed within an item. They can identify a specific item.
Electronic information can be over-written repeatedly on them.
They can be automatically tracked, eliminating human error.
B. RFID Frequencies
RFIDs are considered to be radio emitters, and therefore
must follow a set of frequency regulations. There is no global
public body that governs the frequencies used for RFID. The
main bodies governing frequency allocation in Japan for RFID
is Ministry of Internal Affairs and Communications.
Fig.1 shows the frequencies of RFIDs[6]. As shown in
Fig.1, LF(Low-frequency) is 125 - 134.2 kHz and 140 - 148.5
kHz and HF(high-frequency) is 13.56 MHz. RFID tags for LF
and HF can be used globally without a license. UHF(Ultra-
high-frequency) is 868 MHz-928 MHz. RFID tags for UHF
cannot be used globally as there is no single global standard.
In North America, UHF can be used unlicensed for 908 -
928 MHz, but restrictions exist for transmission power. In
Europe, UHF can be used in the 865.6 - 867.6 MHz band. For
Australia and New Zealand, 918 - 926 MHz are unlicensed,
but restrictions exist for transmission power. These frequencies
are known as the ISM bands (Industrial Scientific and Medical
bands).
C. Passive or Active RFID tags[7]
A passive tag is one of RFID tags that does not contain
a battery, because the power is supplied by the reader. When
TABLE I
THE COMPARISON OF BAR CODE AND RFID TAGS[5]
BAR CODES RFID Tags
Technology Optical Radio frequency
Line of Sight Required Not required
Read Rates Slow - one at a time Fast - up to 1,000 in
a single pass
Read Range Inches to a few feet Tens to hundreds of
feet
Memory Capabilities Static - read-only
and limited data ca-
pacity
Dynamic - high
capacity; reads,
writes, updates,
triggers other
actions
Durability Exposed - risk of
wear and tear or
damage during han-
dling
Better protected,
can be encased,
withstands harsh
environments
Service Life Unlimited, subject
to degradation
Up to 10 years
Security Low - easily copied
or faked
High - encryption is
harder to replicate
Interference May be subject to
obstruction from
dirt or damage from
handling
Metal and liquids
can interfere with
some frequencies
Re-usability No Yes
Cost Fractions of a penny
to a few cents
Up to $50
Human Labor Required - high For hand-held read-
ers - moderate Not
required for fixes
readers
10cm
NFC
10m
Bluetooth
50m
WirelessLAN
Fig. 2. Communication range
radio waves from the reader are encountered by a passive RFID
tag, the coiled antenna within the tag forms a magnetic field.
The tag draws power from it, energizing the circuits in the
tag. The tag then sends the information encoded in the tag’s
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Fig. 3. NFC standard
memory.
On the contrary, an active tag is one of RFID tags when
it is equipped with a battery that can be used as a partial or
complete source of power for the tag’s circuitry and antenna.
Some active tags contain replaceable batteries for years of use;
others are sealed units.
The advantages of a passive tag are as follows.
• The passive tag functions without a battery.
• The tag is typically much less expensive to manufacture.
• The tag is much smaller. These tags have almost unlimited
applications in consumer goods and other areas.
III. NEAR FIELD COMMUNICATION
A. Range and Distance
Recently, NFC (Near Field Communication) in the RFID
tags has attracted a great deal of engineers attention as shown
in Table I and Subsections II-B and II-C. NFC is a wireless
communication technology operating at 13.56 MHz over a
short distance of about maximum 10 centimeters. This technol-
ogy enables communication among electronic devices brought
into close range of each other, as well as between such devices
and conventional contact-less IC cards[2].
Fig.2 shows the communication range of computer network
used in daily life; NFC, Bluetooth, and Wireless LAN.
B. NFC cards
NFC is derived from communication technology which
is specified by the International standard ISO/IEC 18092
(NFCIP-1). The NFC Forum[3] provides a highly stable frame-
work for extensive application development, seamless interop-
erable solutions, and security for NFC-enabled transactions.
The NFC Forum has organized the efforts of dozens of member
organizations by creating Committees and Working Groups.
Fig.3 shows the concept of NFC. In the NFC Forum
specifications, the Type-A and Type-B communication tech-
nologies specified in the contact-less IC card international
standard ISO/IEC 14443. Their cards called NFC-A and NFC-
B, respectively. The Felica communication technology is called
NFC-F and the Japanese Industrial Standard JIS X 6319.4.
Fig.4 shows the example IC cards which we can use in
Japanese.
A standards-based connectivity technology, NFC harmo-
nizes today’s diverse contact-less technologies, enabling cur-
rent and future solutions in areas such as:
Fig. 4. Example of RFID cards
• Access control
• Consumer electronics
• Healthcare
• Information collection and exchange
• Loyalty and coupons
• Payments
• Transport
However, the contact-less IC card and its related products have
been limited to the cards themselves and reader/writer.
C. NFC mode
NFC Forum specifications are based on existing and recog-
nized standards like ISO/IEC 18092 and ISO/IEC 14443-2,3,4,
as well as JIS X6319-4[3]. The specifications describe the parts
of those standards that are relevant for NFC Forum devices.
Currently, certification includes testing for the lower-level dig-
ital protocols, specifically the Tag Operation specifications for
the different tag types, the NFC Digital Protocol Specification,
and the NFC Activity Specification. Moving forward, certifica-
tion will also include testing for the physical layer “NFC RF
Analogue Technical Specification”, and selected upper-level
digital protocols: “NFC Logical Link Control Protocol (LLCP)
Technical Specification” and “NFC Simple NDEF Exchange
Protocol (SNEP) Technical Specification”.
Fig.5 shows the 3 modes of NFC: Card Emulation mode,
Peer to Peer mode, and Reader/Writer mode. An NFC device
in card emulation mode can replace a contact-less card or tag.
This will enable NFC devices to be used with existing contact-
less card infrastructure in applications such as ticketing, access
control and payments.
Peer to peer mode enables two NFC devices to share data
between them. Due to the low transfer speed of NFC if large
amounts of data need to be sent, peer to peer mode can be
used to create a secondary high speed connection (handover)
like Bluetooth or WiFi. In this case, the NFC is used to
negotiate the optimal communication protocol and transfer
authentication data for the secondary protocol. The file or data
is then sent over the high capacity protocol (i.e. Bluetooth,
WiFi, etc).
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Fig. 5. NFC mode
NFC enabled devices are able to read and write to NFC and
many contact-less cards. For example, if a NFC tag is attached
to a poster, the NFC smartphone can ”tap” the tag to access
the information stored in the tag (e.g. coupons, maps, product
information, etc) easy and conveniently.
IV. NFC ATTENDANCE MANAGEMENT SYSTEM
In order to be more student-centered and supportive of
students with different needs, the project of Smart University
[8] is underway in some universities. Smart University is
inspired by Smart City that the concept of the smart city has
been introduced as a strategic device to encompass modern
urban production factors in a common framework and to
highlight the growing importance of Information and Commu-
nication Technologies (ICTs), social and environmental capital
in profiling the competitiveness of cities.
Recently, the attendance management system (AMS) with
RFID technology has been developed as a part of Smart Uni-
versity [8], which develops the educational infrastructure using
high technologies, such as ICT. However, the reader/writer for
Felica is too expensive to build the AMS. Furthermore, the
reader/writer is set at each lecture room and the teacher cannot
witness the student’s authentication of the ID card, so that, one
of friends can answer the roll call for an absentee.
NFC reader/writer technology is equipped with the smart-
phone or smart tablet such as Google Nexus 7. The smart tablet
can easily be carried around, so the student must be checked
the attendance in the teacher’s presence. Therefore, the records
in the system are correctly and the student become an earnest
student to attend the lecture for real.
Fig.6 shows the system overview of our developed AMS
system and the system of educational affair’s section. The
Nexus part is used to call the roll by teachers. The educa-
tional affairs section collects the data related to the absentee
by connecting the Nexus to PC after the lecture. The data
communication is via Bluetooth connection or the directed
Fig. 6. System Overview
connection with microUSB. If the IC card reader/writer is
equipped with the PC, data is transmitted automatically after
the peer-to-peer connection with NFC authentication.
A. NFC AMS on smart tablet [10], [11], [12], [13], [14]
This section describes the functions of NFC AMS system
on smart tablet. The system is all-in-one software which has
functions to register the information class in charge, to make
a list of students, to take attendance, and create follow-up
personal message and send it one by one. The teacher can
see the reason of the absence through Google Drive.
• Preparation of class information
The teacher selects the specified information of class
from educational affair’s section system and makes a csv
file which includes student ID, Name and email address.
The NFC AMS inserts the csv file into SQLite database
management system.
• Register NFC UID of students IC card
Because Nexus 7 is equipped with NFC reader/writer, it
can read the UID (Unique ID) of NFC card or IDm of
Felica card. The user touches the line of student to register
NFC card and a face picture student list as shown in
Fig.7(a), and the camera application as shown in Fig.7(b)
starts. The number of UID or IDm is scanned and the
face of the student is displayed automatically as shown
in Fig.7(c), if the card closes to the Nexus 7. Then, the
teacher can recognize the attendance of corresponding
student actually.
• Alert to chronic non-attenders
When the NFC card closes to the Nexus 7, the system
informs to the student who has many absences or is
continuation absence, by beep sound or colored display as
shown in Fig.8(a), Fig.8(b). Fig.8(c) shows the situation
of not-approval of credits for the class by regulations.
• Follow-up email
Follow-up email is sent automatically to the absentee at
the class when the teacher closes the system. The message
has the class name, student name, the number of absences,
and the specified URL, which is generated individually.
The URL is Google form and includes the information the
class name, student ID, date of lecture and so on as shown
in Fig.9(a). The student checks the follow-up email and
click the URL, and then he/she can make a confirmation
of absence and send the reason for his/her absence and
the message to teacher. The teacher can recognize whether
the absence of the student is truancy.
• Tabulation on Nexus Fig.9(b) shows the tabulation of
attendance list on Nexus. The function is effective for
the use in class, if the student protests the attendance.
• Peer-to-peer data communication
After the authentication by NFC, the Peer-to-peer data
communication starts. The AMS data such as the records
of attendance on 2 or more Nexus 7s are merged to be
complementary to each other. The function is effective to
use in large classroom, because 2 ore more Nexus 7s can
be used in a class and the records are synchronized each
other.
• Backup and Restore The special edition of NFC AMS
system can make a backup file in SD card. Of course, it
can restore from the data dump.
• Handling instructions
The detailed explanation of the system can see
the Youtube movie in the system for handling
instructions[13].
B. Operation with educational affairs section
Fig.9(c) shows SQLite database management system which
works in Firefox on PC. The SQLite is a software library that
implements a self-contained, server less, zero-configuration,
transactional SQL database engine. Therefore, the user can
use the sql command such as ‘select’, ‘insert’, ‘update’, and
so on. For the operation in educational affair’ section, some
SQL command as shown in Fig.10 are prepared to select the
specified data of students.
SELECT Attend.student_id , name1 , name2,
SUM(CASE WHEN attend = ’0’ THEN 1 ELSE 0
END) AS ’Absent’ FROM Attend , Student
WHERE Attend.student_id=Student.student
_id AND lecture_id=’1’ GROUP BY
Attend.student_id Having SUM(CASE WHEN
attend=’0’ THEN 1 ELSE 0 END) >=1 ORDER
BY Attend.student_id;
Fig. 10. SQL Example
V. CONCLUSION
Chronic absenteeism, truancy and academic failure may be
evidence of a dysfunctional relationship between student and
school. According to the change of social environment, it is
required that university needs to be more student-centered and
supportive of students with different needs. The NFC Atten-
dance Management System can check the student’s attendance.
Moreover, the teacher can form a relationship between teacher
and student via the system, because the teacher can recognize
the faces displayed on Nexus 7 when the student touch the ID
(a) Student List
(b) Take a picture (c) Normal Attendance
Fig. 7. Alert Display
card to it. Although many investigations are not implemented,
absentees at almost classes decreased. We consider that the
student has the consciousness of being observed. The use in
some classes in 2 or more universities will be considered for
the operation test in near future.
REFERENCES
[1] S.Rothman, School absence and student background factors: A multilevel
analysis, International Education Journal, Vol.2, No.1, pp.59-68, 2001.
[2] SONY, NFC, http://www.sony.net/Products/felica/NFC/index.html [on-
line].
[3] NFC Forum, http://www.nfc-forum.org/home/ [online].
[4] touchRL, touch!ATND, https://play.google.com/store/apps/details?
id=org.touchrl.atnd [online].
[5] Bar Codes Or RFID Tags?, The MHEDA Journal,
http://www.themhedajournal.org/index.php/2010/07/bar-codes-or-rfid-tags/
[online].
[6] RFIDEA, Frequencies, http://www.rfidea.com/rfidtech frequencies.php
[online].
(a) Alert(two or more consecutive
absents)(Yellow)
(b) Alert(Many Absents)(Yellow)
(c) No Accreditation(Red)
Fig. 8. Alert Display
[7] Technovelgycom, Passive RFID Tag (or Passive Tag),
http://www.technovelgy.com/ct/technology-article.asp?artnum=47
[online].
[8] Smart Cities group at MIT, Smart Cities, http://smartcities.media.mit.edu/
[online].
[9] Y.Ueki, M.Yonesaka, M.Fuyuki, M.Arakawa, Development of an Atten-
dance Check System by Mobile Phone , Journal of Japanese society for
Information and Systems in Education Vol.22, No.3, pp.210-215, 2005
(in Japanese).
[10] T.Ichimura and S.Kamada, Development of Attendance Management Sys-
tem by using Android Smartphone with NFC(Near Field Communication),
Proc. of the 28th Fuzzy System Symposium, pp.1167-1170, 2012 (In
Japanese).
[11] S.Kamada and T.Ichimura, Discovery of Early Reporting of Serious
Absence by Using the Attendance Management System on Nexus7 in
Prefectual University of Hiroshima, Proc. of the 17th Japan Society
for Fuzzy Theory and Intelligent Informatics, Chugoku-Shikoku Chapter
pp.37-40, 2012 (In Japanese).
[12] T.Ichimura and S.Kamada, Attendance Management System with
NFC(Near Field Communication) on Nexus, Proc. of symposium on
Mobile Interactions, pp.139-140, 2013 (In Japanese)
[13] T.Ichimura and S.Kamada YouTube - Movie for NFC Attendance
Management System, https://www.youtube.com/watch?v=cVCLbyHl338
YouTube [online].
[14] ITProducts, NFC Attendance Management System,
https://play.google.com/store/apps/details?id=jp.itproducts. Attend-
Management [online].
(a) Google Form for absentee
(b) Tabulation on NFC AMS
(c) SQLite Browser on Firefox
Fig. 9. Alert Display
